Repeated aspirations of sinus secretions by endoscopy was performed in five patients over a period of 34-50 days and, ultimately, surgical drainage was done in three who presented with acute maxillary sinusitis that did not respond to antimicrobial therapy and became chronic. The aspirates were cultured for aerobic and anaerobic bacteria. Most of the bacteria isolated from the first culture were aerobic or facultative bacteria: Streptococcus pn eum oniae (three isolates), Haemop hilus injluenzae non-t ype-b (two) and Moraxella catarrhalis (one). Three of these cultures yielded bacteria that were resistant to the antimicrobial agents prescribed for treatment. Failure to respond to therapy was associated with the emergence of resistant aerobic and anaerobic bacteria in subsequent aspirates. These organisms included Fusobacterium nucleatum, pigmented Prevotella and Porphyromonas spp. and Peptostreptococcus spp. Eradication of the infection was achieved in all instances following the administration of antimicrobial agents effective against these bacteria, and in three instances by surgical drainage. This study illustrates the microbial dynamics of maxillary sinusitis that did not respond to antimicrobial therapy.
Introduction
Unresolving acute sinusitis that fails to respond to antimicrobial therapy can lead to chronic infection, with potentially serious local and systemic complications [l] . The management of this infection is often empiric, with the choice of antimicrobial agents not based upon the microbiology of sinus aspirates. The increasing incidence of resistance in many organisms isolated from acute and chronic sinus infections makes the management of these infections more complex.
The microbiology of acute sinusitis is well established; the major pathogens are aerobic and facultative bacteria -Streptococcus pneumoniae, Haemophilus injluenzae and Moraxella catarrhalis [2] . Similarly, the bacterial aetiology of chronic sinusitis has been studied extensively [ 1, and the predominant isolates are anaerobic bacteria. These include pigmented Prevotella and Porphyromonas, Fusobacterium and Peptostreptococcus species. However, no previous study has investigated the transitional stages and Received 9 Jan. 1996 dynamics of the changes from acute to chronic infection.
Over a period of 34-50 days this study investigated the aerobic and anaerobic microbiology of five patients who presented with acute maxillary sinusitis that did not respond to antimicrobial therapy. Repeated samples of the sinus secretions, through sinus endoscopy, revealed the emergence of new microbial pathogens and the response of the patients to antimicrobial therapy.
Patients and methods
The five patients presented in this report were seen by the authors in the outpatient clinic for acute maxillary sinusitis. Patients' complaints included facial pain, frontal headache, purulent nasal discharge, fever or malaise. Inflammation of the maxillary sinuses was diagnosed after reviewing the clinical and radiological findings. Occipitomental (Waters' view), lateral, oblique and verticomental views were obtained. Sinusitis was defined radiographically as complete sinus opacity, an air-fluid level or mucous membrane thickening of at least 6 mm in the maxillary sinus. For the Waters' view, mucosal thickening of the maxillary sinuses was measured as the shortest distance from the air-mucosal interface to the most lateral part of the maxillary sinus wall. In each instance, the antimicrobial therapy indicated was started after culture had been obtained.
Specimens were obtained through maxillary sinus endoscopy under local anaesthesia, through the inferior meatus, or during surgery, employing strict asepsis to avoid contamination. Endoscopic collection of sinus secretions was done with calcium alginate tipped micro-swabs. Aspirates collected during surgery were transported to the laboratory in a corked syringe. The collected material was transported immediately to the microbiology laboratory where the swabs were placed in 1 ml of pre-reduced saline and shaken vigorously for 2 min, serially diluted, and inoculated into media supportive for aerobic and anaerobic organisms for quantitative and qualitative studies. The time between specimen collection and inoculation never exceeded 30min. For aerobic organisms the specimens were inoculated on to sheep blood, chocolate and MacConkey 's agar plates, incubated at 37°C in air (MacConkey's agar) or in air with CO2 5% (blood and chocolate agar), and examined after 24 and 48 h. For anaerobes, the material was plated on to pre-reduced vitamin K1 -enriched Brucella blood agar, a blood agar plate containing kanamycin sulphate and vancomycin hydrochloride, a blood agar plate containing colistin and nalidixic acid, and inoculated into enriched thioglycolate broth [6] . The plates were incubated in anaerobic jars and examined after 48, 96 and 120 h. The thioglycolate broth was incubated for 14 days. Aerobic and anaerobic bacteria were identified by previously described techniques [6, 7] . Only bacteria found in numbers >104/ml were considered to be pathogens and included in the final report.
Antimicrobial susceptibility testing was done only for aerobic and facultative isolates by the method of Kirby and Bauer [7] . All S. pneumoniae isolates were found to be susceptible to penicillin after screening for penicillin resistance with an oxacillin disk. P-Lactamase activity was determined for all isolates with the chromogenic cephalosporin analogue 87/3 12 [8] .
Results
Seven of the eight bacterial species isolated from the patients' first aspirates were aerobic or facultative bacteria (Table 1) . These were S. pneumoniue (three isolates), H. injuenzae non-type-b (two) and M. catarrhah (one) . Two organisms were isolated from three of the five patients. Three of the first cultures yielded organisms resistant to the antimicrobial agents given (nos. 1, 3 and 5). Some or all of the organisms isolated in the first culture persisted in the second one done 6-13 days later in three cases (nos 1, 3 and 5), and new species in addition to the old one were isolated in two instances (nos. 1 and 5 ) ; an entire change in the sinus flora was noted in two instances (nos. 2 and 4).
Only one anaerobic species (no. 5 ) was isolated in the first culture. However, anaerobic species were isolated from four patients (three were Peptostreptococcus spp.) in the second culture. The third culture (done 12-20 days later) revealed the presence of 12 anaerobic isolates in all five aspirates, and the disappearance of aerobic bacteria in two cases (nos. 4 and 5). These anaerobic bacteria were Peptostreptococcus spp. (four isolates), F nucleatum (three) Prevotella spp. (three), and I? asaccharolytica (two). P-Lactamase-producing bacteria (BLPB) were isolated from all of the patients (Table 1) . BLPB were present in the first specimen in case 1, and emerged in the other cases in subsequent specimens. These organisms persisted through the fourth culture (done 18-38 days later) in those patients who received therapy not effective against them (cases 1, 2 and 4), but disappeared in those properly treated (cases 3 and 5 ) with antimicrobial agents active against these organisms (amoxycillin plus clavulanate or clindamycin). The fourth culture was obtained through drainage (inferior mental antrostomy) in three patients, (nos. 1 , 2 and 4).
Discussion
This study illustrates the dynamics of the isolation of micro-organisms from patients with acute maxillary sinusitis that did not respond to empiric antimicrobial therapy and became a chronic infection. The organisms isolated during the acute stage of the infections (S. pneumoniae, H. injuenzae and M. catarrhalis), are known causes of acute sinusitis [2] . Organisms resistant to the antimicrobial agents given were present in three of the five patients. These were H. injuenzae and M. catarrhalis that were resistant to amoxycillin (case 1 ), H. influenzae that was resistant to erythromycin (case 3) and S. pneumoniae that was resistant to minocycline (case 5). These resistant organisms persisted in the infected sinus cavity, and newer pathogens were also isolated: Peptostreptococcus sp. (case 1 ), and I? nucleatum (case 5). New organisms were also isolated in the second culture, even in patients who received appropriate therapy, suggesting that factors other than antimicrobial resistance can enable organisms to survive in the inflamed sinus cavity.
Factors that may allow organisms to survive antimicrobial therapy within the inflamed sinuses are inadequate penetration of antimicrobial agents into the sinus cavity, a high protein concentration (that can bind antimicrobial agents), a high content of antimicrobial-inactivating enzymes (i.e., P-lactamase), decreased multiplication rate of organisms in the sinus cavity that can interfere with the activity of bacteriostatic agents, and increased acidity within the sinus cavity that reduces the efficacy of some antimicrobial agents (i.e., aminoglycosides and quinolones) [9] .
This study illustrates for the first time the transition that occurs in the microbiology of maxillary sinusitis as the infection gradually progresses from acute to chronic. As chronicity develops, the aerobic and facultative species are gradually replaced by strictly anaerobic bacteria. These changes may be due to the selective pressure of antimicrobial agents that enable resistant organisms to survive. Moreover, the effects of chronic infection may lead to the development of conditions appropriate for the growth of anaerobic bacteria. These changed conditions include the reduction in oxygen tension and an increase in acidity within the sinus cavity. These are caused by the persistent oedema and swelling within the sinus cavity which reduces blood supply and, therefore, the consumption of oxygen by the aerobic component of the sinus cavity bacterial flora [lo, 1 11. Other factors are the emergence over time or selection of anaerobic bacterial strains that possess essential virulence factors such as a capsule [ 121.
The emergence of new pathogens in all instances, mostly strict anaerobes, generated a polymicrobial infection. This type of infection is synergic [13] , and may be more difficult to eradicate with narrow spectrum antimicrobial agents. In such mixed infection, mutual enhancement of bacterial growth [ 141 , and 'protection' of penicillin-susceptible isolates by plactamase produced by penicillin-resistant bacteria [15] , may contribute to the chronicity of the infection, and the difficulty in its eradication.
This study illustrates that failure to respond to plactam antibiotics, tetracyclines, quinolones or macrolides can be associated with the presence of resistant organisms. Recent studies illustrated the increased isolation rate of BLPB in numerous upper respiratory tract infections [16] . The number of these BLPB was shown to increase following administration of plactam antimicrobial therapy [ 171. Although judicious selection of antimicrobial agents is essential for the management of sinusitis [ 181, surgical intervention for correction of pathology and evacuation of pus is frequently required, especially in patients who fail to improve with antimicrobial therapy.
The isolation of aerobic and anaerobic BLPB from this type of infection requires the administration of appropriate antimicrobial agents for adequate treat-ment. Second-generation cephalosporins and the combination of amoxycillin and clavulanate, can provide coverage against the major causes of acute sinusitis, Activity against anaerobic BLPB, common in chronic infection, can be achieved by clindamycin, chloramphenicol, metronidazole (plus a penicillin or a macrolide), the combination of a penicillin (e.g., amoxycillin) and a P-lactamase inhibitor (e.g., clavulanate) or imipenem.
